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,Q UHFHQW \HDUV WKHUHKDVEHHQ LQFUHDVLQJ LQWHUHVW IRU WKH SURGXFWLRQRIELRIXHOV UHFRJQL]LQJ
DOJDH ELRPDVV DV WKH UDZPDWHULDO +RZHYHU WKH KDUYHVW RI PLFURDOJDH ELRPDVV LV VWLOO D
PDMRU SUREOHP EHFDXVH RI WKH VPDOO VL]H RI DOJDH FHOOV DQG ORZ ELRPDVV 0HPEUDQH
WHFKQRORJLHVKDYHEHHQXVHGIRUWKHUHPRYDORIEDFWHULDYLUXVHVDQGRWKHUPLFURRUJDQLVPV$V
PDQXIDFWXULQJ WHFKQLTXHV LPSURYH DQG WKH UDQJH RI DSSOLFDWLRQV H[SDQGV WKH FRVW RI
PHPEUDQHVKDVVWHDGLO\GHFUHDVHGZKLFKPD\PDNHLWSRVVLEOHWRXVHPHPEUDQHWHFKQRORJ\
IRUPLFURDOJDHKDUYHVWLQJ0RVWLPSRUWDQWO\PHPEUDQHILOWUDWLRQFDQDFKLHYHFRPSOHWHUHPRYDO
RIDOJDHIURPFXOWXUHPHGLXP
7KH SUHVHQW ZRUN LV WR VWXG\ KRZ RSHUDWLQJ SDUDPHWHUV DIIHFW0) DQG8) ILOWUDWLRQ DQG WR
PDNHFRPSDULVRQRI WKHSHUIRUPDQFHRI0)DQG8) IRU WKLVDSSOLFDWLRQ0)DQG8) ILOWUDWLRQ
H[SHULPHQWV ZHUH FDUULHG RXW VHSDUDWHO\ LQFOXGLQJ  NLQGV RIPHPEUDQHV LQ HDFK WHVW 7KHQ
SHUIRUPDQFH RI EHVWPLFURILOWUDWLRQPHPEUDQH 0)3 DQG XOWUDILOWUDWLRQPHPEUDQH )633
ZHUHFRPSDUHG LQ WKHVDPHWHVW IRU WKH ILOWUDWLRQRI&KORUHOOD$VXUIDFHPRGLILHGXOWUDILOWUDWLRQ
PHPEUDQHZDVDOVRXVHGWRH[DPLQHWKHIRXOLQJUHVLVWDQWSURSHUW\RIWKLVPHPEUDQH
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D VPDOO ODEVFDOH
PHPEUDQHPRGXOH7KHPHPEUDQHFKDUDFWHULVWLFVDUHVKRZQLQWDEOH
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(IIHFWRI7HPSHUDWXUH

)LJXUHVKRZVWKHHIIHFWRIWHPSHUDWXUHRQWKHSHUPHDWHIOX[LQPLFURILOWUDWLRQDQGXOWUDILOWUDWLRQ
RI&KORUHOODVROXWLRQ,QWKLVSURFHVVWHPSHUDWXUHVRIWKHIHHGVROXWLRQUDQJHIURP&WR&
ZKLFK LV ZLWKLQ WKH QRUPDO WHPSHUDWXUH UDQJH RI WKH JURZWK RI &KORUHOOD $V ILJXUH 
GHPRQVWUDWHVPHPEUDQHSHUPHDWH IOX[ LV VHQVLWLYH WR FKDQJHV LQ IHHG VROXWLRQ WHPSHUDWXUH
:KHQ WKH WHPSHUDWXUH LQFUHDVHV IURP  & WR  & WKH SHUPHDWH IOX[HV RI WKH 0)
PHPEUDQHVVKRZHG DOPRVW WKH VDPH DW WZR WHPSHUDWXUHV ,W LV SRVVLEOH WKDW KLJKHU
WHPSHUDWXUHV DUH LQ IDYRU RI PHWDEROLVP RI WKH &KORUHOOD  DQG WKXV H[WUDFHOOXODU SRO\PHULF
VXEVWDQFHV (36 SURWHLQ DQG QXFOHLF DFLG LQFUHDVH LQ WKH IHHG VROXWLRQ 7KHVH VXEVWDQFHV
DEVRUE RQ WKH PHPEUDQH VXUIDFH OHDGLQJ WR WKH SHUPHDWH IOX[ GHFUHDVLQJ 7KH RSWLPXP
WHPSHUDWXUHIRUILOWUDWLRQZDVIRXQGWREH&DWZKLFKSRLQWDEHVWJURZWKVWDWHRI&KORUHOOD
ZDVREVHUYHG7KHFKDQJHVRIWKHSHUPHDWHIOX[HVYHUVXVWLPHRIDOOPHPEUDQHVVKRZVLPLODU
SDWWHUQ7\SLFDOO\IOX[YHUVXVWLPHFXUYHVVKRZDUHODWLYHO\UDSLGIOX[GHFOLQHLQWKHILUVWKRXUV
RIWKHSURFHVVIROORZHGE\DPRUHJUDGXDOGHFUHDVHXQWLODVWHDG\VWDWHIOX[EHLQJUHDFKHG

)LJXUH(IIHFWRIWHPSHUDWXUHRQSHUPHDWHIOX[LQFURVVIORZPLFURILOWUDWLRQ0)30)3DQG
0)3 DQG XOWUDILOWUDWLRQ )633 )633 DQG (71$33 )LOWUDWLRQ FRQGLWLRQV HPSOR\HG
ZHUH 703  EDU FURVVIORZ  PV PLFURILOWUDWLRQ 703  EDU FURVVIORZ  PV
XOWUDILOWUDWLRQ

(IIHFWRIWUDQVPHPEUDQHSUHVVXUH
,QPRVWFDVHVDQLQFUHDVHLQSUHVVXUHOHDGVWRDQ LQFUHDVHRI WKHSHUPHDWHIOX[HV+RZHYHU
RQO\DVOLJKW LQFUHDVHFDQEHREVHUYHGDV WKHSUHVVXUH LQFUHDVHG IURPEDU WREDU IRU
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PLFURILOWUDWLRQ 6LPLODU UHVXOWV FDQ EH VHHQ IRU XOWUDILOWUDWLRQ 7KH IOX[HV LQFUHDVHG VLJQLILFDQWO\
IURP703EDU WREDUEXWQRW IURPEDU WREDU 7KHUHIRUHZHFDQDVVXPHWKDW
WKHUH LVDQRSWLPXPSUHVVXUHDIWHUZKLFKIXUWKHU LQFUHDVH LQWUDQVPHPEUDQHSUHVVXUHZLOOQRW
LPSURYHIOX[

&RQFHQWUDWLRQRI&KORUHOODVXVSHQVLRQV
7KH ILQDO JRDO RI WKLV ZRUN LV WR XVH 0) RU 8) PHPEUDQHV IRU &RQFHQWUDWLRQ RI &KORUHOOD
VXVSHQVLRQV7KHUHVXOWV LQ)LJXUHGHPRQVWUDWHWKDWSHUPHDWH IOX[HVGHFOLQHPXFKIDVWHUDW
ORZ &KORUHOOD FHOO FRQFHQWUDWLRQV GXULQJ LQLWLDO VWDJH RI WKH H[SHULPHQW $V WKH SURFHVV
FRQWLQXHVDVWDEOHIOX[ZDVUHDFKHGDWKLJKHU&KORUHOODFHOOFRQFHQWUDWLRQV7KHFDNHOD\HURU
IRXOLQJOD\HUSUREDEO\EHFDPHWKLFNHUDQGGHQVHUZLWKLQFUHDVLQJ&KORUHOODFRQFHQWUDWLRQDWORZ
FHOOFRQFHQWUDWLRQUDQJHDQGWKXVUHGXFLQJSHUPHDWHIOX[$VWDEOHIOX[ZDVREVHUYHGZKHQWKH
FDNHOD\HUGLGQRWFKDQJHDWKLJKHUFHOOFRQFHQWUDWLRQV7KHUHLVDODUJHUIOX[GURSRI0)3WKDQ
RWKHUPHPEUDQHVDWWKHHDUO\VWDJHRIWKHFRQFHQWUDWLRQZKLFKFDQEHH[SODLQHGE\WKHODUJHU
SRUHVL]HRIWKHPLFURILOWUDWLRQPHPEUDQH+RZHYHUWKHIOX[RIVWHDG\VWDWHVHHPVWREHVLPLODU
IRU0)3DQG)633DQGWKHIOX[LVVOLJKWO\KLJKHUWKDQ(71$33$OOPHPEUDQHVXVHGLQ
WKLVZRUNFDQUHMHFWWKH&KORUHOODFHOO


)LJXUH  3HUPHDWH IOX[ YHUVXV 9&) IRU PLFURILOWUDWLRQ 0)3 DQG XOWUDILOWUDWLRQ )633
(71$33 PHPEUDQHV )LOWUDWLRQ FRQGLWLRQV HPSOR\HG 7 & 703 EDU DQG FURVV
IORZ PV
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)RUILOWUDWLRQDQGFRQFHQWUDWLRQRI&KORUHOOD IURPDGLOXWHGFXOWXUHPHGLXPWKHSHUIRUPDQFHRI
VHYHUDOFRPPHUFLDO0)DQG8)PHPEUDQHVZDVHYDOXDWHGDQGFRPSDUHG)OX[LQFUHDVHGZLWK
LQFUHDVLQJ WHPSHUDWXUH RI WKH IHHG VROXWLRQ +RZHYHU DERYH D FHUWDLQ WHPSHUDWXUH IXUWKHU
LQFUHDVLQJ WHPSHUDWXUH GLGQ¶W LPSURYH SHUPHDWH IOX[ PRVW OLNHO\ EHFDXVH RI WKH UHOHDVLQJ RI
(36E\&KORUHOOD FHOOV$ JHQHUDO WUHQGRI LQFUHDVHGSHUPHDWH IOX[ZLWK LQFUHDVLQJ703ZDV
REVHUYHG$WKLJKHU703SHUPHDWHIOX[JUDGXDOO\OHYHOHGRIIRUHYHQGURSSHGGXHWRWKHHIIHFW
RI WKH IRXOLQJ FDNH OD\HU 7KH KLJKHU FURVVIORZ YHORFLW\ FDQ VLJQLILFDQWO\ GHFUHDVH SDUWLFOHV
DFFXPXODWLQJRQWKHPHPEUDQHVXUIDFH$OWKRXJK(71$33H[KLELWHGPXFKEHWWHUDQWLIRXOLQJ
SURSHUW\ WKH SHUPHDWH IOX[ RI VWHDG\VWDWH RI WKLVPHPEUDQHZDVQRW EHWWHU WKDQ0)3DQG
)633 LQ D GLUHFW FRPSDULVRQ WHVW ZKLFK LV EHFDXVH RI WKH ORZHVW 0:&2  RI
(71$33 )XUWKHU WKH FRQFHQWUDWLRQ H[SHULPHQWV LQGLFDWH WKDW WKH 0) PHPEUDQH GLG QRW
VKRZ KLJKHU SHUPHDWH IOX[ WKDQ WKH 8) PHPEUDQHV XQGHU WKH VDPH RSHUDWLRQ FRQGLWLRQV
+RZHYHU0)PHPEUDQHV SUREDEO\ VKRZ KLJKHU SHUPHDWH IOX[ WKDQ8)PHPEUDQHV DW 703
ORZHUWKDQEDU)RUWKHWHVWHG0)PHPEUDQHV0)3ZLWKWKH ODUJHVWSRUHVL]HVKRZHGWKH
KLJKHVW SHUPHDWH IOX[ DQG )633 ZLWK KLJKHVW 0:&2 VKRZHG WKH KLJKHVW SHUPHDWH IOX[
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DPRQJWKHWKUHH8)PHPEUDQHVLQGLFDWLQJWKDWPRUHRSHQ0)RU8)PHPEUDQHVFRXOGVKRZ
HYHQKLJKHUSHUPHDWHIOX[
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